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Abstract: 
 Solvent acidity quanitifies the hydrogen bond donating ability of a solvent. One of the 
first measures of solvent acidity was α parameter developed by Kamlet-Taft. Later Catalan and 
colleagues developed the SA parameter. This study proposes that the emission intensity of 
several PRODAN derivatives can also be used as a measure of SA.  The photophysical properties 
of PRODAN (1) (6-propionyl-2-(dimethylamino)naphthalene),3-(dimethylamino)-8,9,10,11-
tetrahydro-7H-cyclohepta[a]naphthalene-7-one (2), 6-(2,2-dimethyl-propion-1-yl)-2-
(dimethylamino) naphthalene (3), 2,2-dimethyl-1-(4-methyl-1,2,3,4-tetrahydrobenzo[f]quinolin-
8-yl)propan-3-one (4) 7-(dimethylamino)-3,and 4-dihydrophanthren-1(2H)-one (5) are reported. 
These compounds are classified as planar derivatives (1 and 5), which are theorized to be worse 
at detecting solvent acidity, and twisted derivatives (2, 3, and 4), which are theorized to be better 
at detecting solvent acidity, based on their geometry. These compounds were used to create 
correlation curves between solvent acidity and log((E/A)max/(E/A)) values. In this experiment, E 
is the emission spectra maximum intensity or integrated emission value and A is the absorbance 
value at 365nm. This correlation curve was used to calculate the apparent solvent acidity that the 
PRODAN probes sense while in micellar (SDS, CTAB) and reverse micellar (TX-100) solutions. 
Compound 2 is the most suited as a probe of solvent acidity.  
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Introduction 
 The goal of the study was to evaluate the suitability of PRODAN(1) (6-propionyl-2-
(dimethylamino)naphthalene) and its derivatives (3-(dimethylamino)-8,9,10,11-tetrahydro-7H-
cyclohepta[a]naphthalene-7-one (2), 6-(2,2-dimethyl-propion-1-yl)-2-(dimethylamino) 
naphthalene (3), 2,2-dimethyl-1-(4-methyl-1,2,3,4-tetrahydrobenzo[f]quinolin-8-yl)propan-3-one 
(4) 7-(dimethylamino)-3,and 4-dihydrophanthren-1(2H)-one (5)) as detectors of solvent acidity 
in micellar solutions. The structures and designations can be seen in figure 1.  
The molecule, PRODAN, the structural basis of the probes in the study, was originally a 
detector of polarity to be used in solution. It has fluorescent character as a result of having a 
naphthalene scaffolding, tertiary amino and propionyl groups. These groups are present in each 
of the derivatives but the modifications to each of the derivatives are theorized to cause changes 
in the fluorescent character and absorption of said derivative. 1 is strictly PRODAN. 2 has a 
seven-membered ring incorporating the carbonyl group of PRODAN and attaches to the 5 
position along the naphthalene scaffolding. 3 has a two methyl groups on the 2 position of the 
propionyl group. 4 has the two methyl groups on the 2 position of the propionyl group as well as 
a six-membered ring incorporating the tertiary amine group and attaching it to the 10 position on 
the naphthalene scaffolding. 5 has a six-membered ring incorporating the carbonyl group and 
attached to the 5 position along the naphthalene structure. Each of these changes will affect the 
fluorescent character and, as a result, will affect the polarity detection capability, as well as the 
solvent acidity detection capability, of the probe.  
The effect on the detection capabilities is the focus of this study. The main concern is 
which of the probes would be the best to detect solvent acidity within micelles. Detecting solvent 
acidity poses an important point of study as detecting the hydrogen bonding ability allows for 
11 
 
better understanding of media that may participate in hydrogen bonding by clarifying the relative 
amount of hydrogen bonding present. This would allow for the further understanding of chemical 
processes, interactions and reactions that occur in living and nonliving systems that have 
potential for hydrogen bonding. 
Micelles are a useful media for an experiment such as this as their formation is 
concentration dependent. This would mean that each of the probes could be used to detect very 
small concentrations of surfactants and micelle formation itself. This could also be used to detect 
the polarity and solvent acidity of the environment before, during and after the addition of 
surfactants and the formation of micelles. This is important as micelles make up a good portion 
of living systems, such as with fatty acid micelle formation, and interactions with living systems, 
such as micelle formation with soaps and detergents.
1
 Overall, this study provides an important 
data on the potential of PRODAN and its derivatives as detectors of solvent acidity. 
Detection of solvent acidity as well poses an important role to PRODAN itself. 
PRODAN, originally a polarity probe, often receives interference in detecting polarity from 
solvent acidity itself. So, in order to clarify polarity data, having a way of detecting solvent 
acidity with an orthogonal probe would allow to account for possible interference that the planar 
PRODAN may detect. In finding this, the usefulness of PRODAN itself increases substantially.  
In particular, this study aims to determine which of PRODAN’s derivatives, if any, are suitable 
detectors of solvent acidity and whether there is correlation to geometry. Based on the geometry 
and accepted photophysical properties of the PRODAN and its derivatives, the suitability of the 
probes as detectors of solvent acidity in micelles is theorized to follow the trend of: 2>3>4>1>5. 
Essentially, the theory is that the twisted derivatives are better than planar derivatives at 
12 
 
detecting solvent acidity in micelles as well as other micellar properties. This study aims to test 
each of these theories and answer questions related to them. 
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Background 
PRODAN and its derivatives 
 PRODAN, 6-propionyl-2-dimethylaminonaphthalene, was first synthesized by Gregorio 
Weber in 1979 as a solvent polarity probe.
2 
Its structure maximizes the distance between an 
electron donor and accepter, the tertiary amine and the carbonyl respectively, along an aromatic 
naphthalene scaffolding. These structures allow for PRODAN’s fluorescent nature.3 PRODAN 
and its derivatives have been made in the Abelt lab and can be seen below in Figure 1.  
 
Figure 1. PRODAN and its derivatives  
14 
 
PRODAN’s usefulness comes as a result of its solvatochromism. Solvatochromism refers 
to the change in the intensity and maximum wavelengths of the emission and absorption spectra 
as a result of a change in the environment’s polarity. Emission in this case is the result of 
fluorescence, which is luminescence from the excited singlet state from irradiation of the probe 
by electromagnetic radiation. The solvatochromism stems from the excited state of PRODAN 
having a larger dipole moment than its ground state. As a result, the excited state will be 
stabilized more in polar solvents than it would in nonpolar solvents. As the polarity of the 
solvent changes, the maximum emission wavelength will change.
4
 However, a problem of 
interest that Mennucci and his colleagues discovered is that PRODAN tends to create short 
wavlength bands in water as a result of hydrogen bonding creating a more polar excited state. 
The excited state chemistry stabilization can be viewed in figure 2. The problem this poses is 
that often increasing solvent polarity could be confused with increasing solvent acidity. The 
reason this problem is interesting is that it means that PRODAN cannot be used as a 
chemosensor of either property. One of the main focuses of this paper is to determine whether 
certain derivatives can be used for these properties.
5
  
 PRODAN’s derivatives are of interest because they possess unique properties. The major 
distinction between the derivatives is that some are planar while others have the carbonyl group 
twisted out of plane, and will be referred to as twisted derivatives. All derivatives have been 
synthesized in lab but 3 has not been reported in the literature. Nevertheless, 3 is predicted to act 
similarly to the other twisted derivatives. The planar derivatives, 5 and PRODAN, tend to have 
similar planar intramolecular charge transfer (PICT) excited states and the fluorescence is highly 
efficeint in polar solvents.
6 
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Figure 2 – reaction coordinate diagram of the effect of dipole moments and polarity 
of solvent on the stabilization of the probe. 
4, despite the t-butyl group twisting the carbonyl out-of-plane, exhibits similar solvatochromic 
behavior to PRODAN. The fluorescence intensity of PRODAN and 5 had intensities of an order 
of magnitude greater than 2 or 4 in protic solvent indicating that they are not sensitive to solvent 
acidity. The important difference that occurs in 5 but not PRODAN is that the six-membered ring 
does not twist in the ground or excited state while PRODAN is predicted to change by a few 
degrees during excitation.  Calculations indicate that the 7-membered ring of 2 should 
significantly twist the carbonyl out-of-plane, and that 4 would twist by 20 degrees. This twisting 
behavior has led to the belief that the excited state of 2 would be effectively quenched by protic 
solvents when the carbonyl twists out-of-plane. Overall, the twisted derivatives are all predicted 
to be very sensitive to protic solvents due to their effective quenching when a solvent’s ability to 
16 
 
hydrogen bond increases, so there is reason to believe that derivatives will be a good indicator of 
solvent acidity in micellar solutions.
7
  
 The experimental procedure involves cyclohexane, water and 2-propanol as the main 
solvents. PRODAN responds by having the extremes in its maximum emission wavelength with 
404.6nm in the least polar cyclohexane, 518nm in the most polar solvent water and a signal 
between these values with the solvent of intermediate polarity, 2-propanol. This wide variation is 
useful as PRODAN has been found to associate with more polar regions of micelles and bilayers, 
especially in media that have a high presence of hydrogen bonding. Due to the significant 
wavelength change related to the hydrogen bonding ability of the media, it might be reasonable 
that PRODAN can show the existence of hydrogen bonding. However, PRODAN has been 
found to inhabit hydrophobic environments if it experiences tight packing. This requires that 
PRODAN can move past the hydrophilic interfaces.
8
 Thus, in bilayers, the fortune of using 
PRODAN and its derivatives is that they’ve been shown to inhabit both the polar and apolar 
regions of micelles in relatively equal probabilities with a slight favor towards polar 
environments.  
Refractive indices 
 Water, cyclohexane and 2-propanol have different refractive indices. The main concern 
here is that refractive indices will affect emission intensities. As the concentrations of the 
micelles in aqueous solution are small, the refractive indices of micellar solutions will not 
change significantly. The index of refraction needs to be taken into account for mixed solvents 
for the calibration curve. The values that are used in this experiment to account for mixed 
solvents and in general come from the experimental values determined in Herraez’s paper and 
are listed in table 1.
9
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solvent Index of refraction SA 
Isopropanol 1.377 0.283 
Water 1.333 1.062 
Methanol 1.329 0.605 
Ethanol 1.36 0.4 
Propanol 1.384 0.357 
Butanol 1.399 0.341 
75/25 water/methanol 1.337228 0.94775 
50/50 water/methanol 1.339486 0.8335 
25/75 water/methanol 1.337683 0.71925 
50/50 methanol/ethanol 1.34276 0.5025 
cyclohexane 1.4262 0 
Table 1. list of solvents used, their indices of refraction and their SA values 
The expression used to adjust for these problems in this study is (n/nref)
2
 =  n
2
/nref
2
 where 
n is the refractive index of the solvent used and nref is the refractive index of a reference solvent. 
The expression originates from taking into consideration the medium of refractive index that the 
intensity is observed in by a detector, n, and the refractive index of the medium it is actually in, 
nref. The reason for squaring the correction is that the correction needs to be taken into account 
for both light entering and light exiting the medium. The n
2
/nref
2 
expression has been found to 
work despite being less intuitive. This relation accounts for the possible changes that occur as a 
result the light moving from media to media. This adjustment almost always results in a value 
close to 1. Given that the adjustment is so small, it will have little effect on the emission value.
10
  
Solvent acidity 
 Solvent acidity (SA) can be viewed as the ability of a solvent to undergo hydrogen 
bonding by means of accepting a pair of electrons by donating the hydrogen.
11
 The current way 
of defining SA is as a comparative scale that measures the solvatochromism of as a function of 
the acidity of the solvent. This scale displays an approximately linear relationship between 
solvatochromic shifts and hydrogen bonding donor acidity. This property is usually measured 
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using a fluorophore or dye, a UV/vis spectrophotometer and a fluorimeter. Chemists have 
attempted to describe this property since the 1800s using a single parameter. However, this has 
proven to be not very effective due to multiple interacting parameters.
 12
 
 A common measurement system for solvent acidity has become Kamlet-Taft parameters, 
α and π*. This method defines the specific interactions, α, and the nonspecific interactions, π*, 
involved for hydrogen bonding donors. Specifically, α refers to the ability of a solvent to donate 
a hydrogen bond and π* refers to ability to stabilize a charge by means of the solvent’s dielectric 
effects and its dipole. The α parameter is more important for protic solvents and the π*parameter 
is important for aprotic solvents as α approaches zero for aprotic solvents.13 Catalan and his 
colleagues developed an alternative expression, SA. The parameter that Catalan uses stems from 
comparison of the probes TBSB (o-tert-butylstilbazolium betaine dye) and DTBSB (o,o-di-tert-
butylstilbazolium betaine dye) using the Kamlet-Taft method. The solvatochromism of DTBSB 
is the zero acidity point. This allowed for the use of one term to detect SA. The values used for 
the calibration curve in this study come from Catalan’s parameters and are recorded in Table 1.14  
 The measurement of solvent acidity has specific requirements for the probe. It needs to 
be basic in its electronic ground and excited states so that it can properly characterize its 
environment’s acidity. In these reagents, PRODAN and its derivatives would fit these 
requirements quite well.
15
 
 An important aspect to consider about the solvents is their impact on fluorescence 
intensity. In a study by Abelt and coworker, PRODAN, 2, 4, and 5 each displayed similar solvent 
dependence for their fluorescence maxima. Of interest is how cyclohexane produced a very weak 
fluorescence and water the weakest fluorescence while 2-propanol produced the one of the 
strongest fluorescence intensity. This occurred with all four probes. Of all the protic solvent 
19 
 
studies, 2-propanol has the lowest hydrogen bonding ability. Isopropanol will function as a good 
comparison for the relative fluorescence for the other solvents used in the trials.
16 
Micelles 
 Micelles are composed of a set of surfactant molecules, usually lipid in nature, that 
aggregate in a when added to a particular solvent.
17
 The lipid molecules that form micelles will 
consist of a polar head and nonpolar (and hydrophobic) hydrocarbon tail. In a normal micellar 
solution, the lipids will be in a polar environment, such as water, causing the lipids to be in an 
energetically less favorable state. Due to the tail’s hydrophobicity, the lipids will usually 
aggregate together in a spherical formation with the tail facing the inside of the circle and the 
hydrophilic head facing outside the sphere. In this case, the hydrophobic interactions of the tails 
and the hydrophilic interactions of the heads and the water will better stabilize the formation of 
said sphere. A special case of micelles, reverse micelles, are composed of lipids with 
hydrophobic heads and hydrophilic tails and form inside of hydrophobic environments, such as 
cyclohexane.
18
 Examples of both types of surfactants are found in Figure 3 with sodium dodecyl 
sulfate (SDS) and cetyltTrimethylammonium bromide (CTAB) being surfactants that form 
micelles and triton X-100 (TX-100) forming reverse micelles. Figure 4 demonstrates the 
approximate shape of a formed micelle.  
 
Figure 3. TX-100, SDS, and CTAB (top to bottom) 
20 
 
 
 
Figure 4- SDS micelle – hydrophobic center that excludes water due to a mixture of 
hydrophobic interactions and hydrogen bonding.  
In general, in low enough concentrations of lipids in the solution, the micelles won’t be 
able to form in detectable amounts. The critical micelle concentration (CMC) is the 
21 
 
concentration above which micelles form with almost all surfactant molecules in solution and 
below which no detectable amounts of micelles form. In reference to many of the physical 
properties of micellar solutions, most will not be present below this concentration.
18
 One such 
physical property is the effect that micelles can have on the fluorescence of organic dyes. This 
effect is similar to solvent stabilization of excited states of organic dyes. The micelles will 
depolarize the fluorescence caused by dyes during its relaxation. As well, the organic dyes will 
be soluble in the aqueous environment due to hydrophobic core of the micelles possessing 
suitable solvation environment. In reverse micelles, the polar center of the aggregates will 
possess importance for any polar section of the probe or dye.
19
 The polarity and the solvent 
acidity of the micellar solution will greatly influence the fluorescence of the dye. Out of the three 
micellar solutions selected for the experiment, CTAB and SDS are normal micelles and TX-100 
forms reverse micelles. As such, they should have opposite effects on the fluorescence of the 
PRODAN and its derivatives as the CMC is reached.  
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Experimental 
Spectrophotometric titrations  
 Solutions are combined in a quartz non-frosted cuvette and stirred with a micro-stir bar in 
order to mix the solution and evenly disperse the probe in solution. The data for constructing the 
absorption spectra are obtained with an Ocean Optics spectrometer using the Spectra Suite 
Spectroscopy Platform. The absorption spectra requires background scan, which is a scan where 
light is blocked to detect noise, a reference scan, which is a scan where only the solvent used is 
present, and finally a sample scan, which is a scan of the solvent and solutes. The emission 
spectra require only a reference and sample scan. The excitation wavelength is set at 365nm and 
the slit width normally set to 5nm to excite the PRODAN derivatives in the sample. The 
fluorescence is measured at a 90 degree angle from the direction of the high intensity Xenon 
lamp. The emission data are recorded with another Ocean Optics Maya spectrometer using the 
Spectra Suite Spectroscopy Platform program.  
 The Spectra Suite Spectroscopy Platform program controls the integration time, boxcar 
width, and number of scans run for each data set. Each of these parameters will modify the 
incoming data so that it produces high quality. From here, a clean graph is displayed on the 
screen that shows the intensity of the emission or absorption versus the wavelength of the 
emission or absorption. An x, y-list of the data is recorded and  then analyzed in Microsoft Excel. 
The absorption at 365nm, which is the wavelength at which PRODAN and its derivatives is 
predicted to have its maximum absorption, is determined for each sample. The values for the 
background (B), reference (R) and sample (S) are used to determine the absorbance value using 
the expression, log((R-B)/(S-B)). The corresponding emission data is analyzed by extracting the 
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maximum intensity and wavelength values. The emission intensity is calculated main calculation 
using the reference (R) and the sample (S) using the value, S – R. Also, all the integrated 
emission values are determined for each sample; the integrated data is considered more accurate. 
The measurement determination of the relative integration value is simply the sum of all 
emission values from 380 nm to 800nm after the emission values were corrected by substituting 
the lowest value from all other emission values. 
Once the emission and absorbance values are measured, the emission value is divided by 
the absorption value for that particular solvent, and then all values that are measured for that file 
are divided by the maximum E/A value for all the solvents or solutions used for that trial. From 
here, the logarithm of the inverse of this value multiplied by the quotient of square of the indices 
of refraction of the solvent being analyzed divided by the index of refraction of water, or log 
(1/(E/A *(nsolvent/nreference)
2
)), is calculated. This computation is done for both the maximum 
emission and the integrated emission values. Then, the values are plotted versus known solvent 
acidity values for the solvent acidity calibration plots. For micelles, the log((E/A)max/(E/A)) is 
plotted versus micellar concentration. This graph is then used to analyze the probe, solvents 
involved, micellar solutions involved or any number of parameters related to the experiment. 
This general procedure was followed for each of the main sections and the specific parameters 
for each section are listed accordingly. 
Probe solutions 
 All probes were synthesized in the Abelt lab. The probe solutions were made by 
dissolving each of the set amounts of probe in 10mL of methanol. The exact amounts are listed 
below in Table 2. 
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mass dissolved in 10mL of 
methanol 
PRODAN 5.1mg 
derivative 2 5.9mg 
derivative 3 6.6mg 
derivative 4 6.0mg 
derivative 5 6.2mg 
Table 2 – amounts of derivative in probe solution 
Development of SA calibration curves 
Each of the 5 probes with their varying concentrations was run in a series of solvents. 
The solvents included 2-propanol, water, methanol, ethanol, 1-propanol and 1-butanol. In some 
of the studies, ethylene glycol and 1,2 propadiol were used but were ultimately removed from 
use for attainment of enhancement factors. In each of solvent readings, the cuvette was filled 
with 2mL of solvent and the amount of probe listed below in Table 3. Each of the probes was 
run under various settings for absorption and emission in Spectra Suite as listed below in Table 
3. Once the absorbance data was taken and the graphs of log(Imax/I) vs. SA were constructed, the 
graphs were fit linearly and the slope and intercept were determined. The slopes of the line are 
used to convert the enhancement factors to effective solvent acdities. Several concerns, namely 
the effect of mixed solvents and aggregation, came up after runs were performed concerning the 
accuracy of this data, so a few minor studies were performed. 
 
absorption 
(integration time, 
boxcar width, 
number of scans) 
emission 
(integration time, 
boxcar width, 
number of scans) 
slit width 
(in nm) 
volume of probe solution 
used in each sample (in uL) 
PRODAN (1) 325,8,8 250,4,4 5 5(else)/10(water) 
2 350,8,8 425/4250, 4,4 5 5 
3 350,8,8 400/4000,4,4 5 7 
4 325,8,8 300/3000,4,4 5 7 
5 325,8,8 225,4,4 5 5 
Table 3 –enhancement factor trial conditions for each probe  
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Mixed solvent studies 
 The basic correction to the absorbance values, (nsample/nreference)
2
, is considered to be 
adequate to account for the different effects the solvent’s refraction of light has on the absorption 
and emission values. In the case of mixed solvents, there was some uncertainty as to whether the 
mixing of solvent would have a large effect on the refractive indices. As well, the calibration 
curves constructed contained gaps, so using mixed solvents was thought to be a way of filling in 
those gaps. So, using experimental refractive indices to account for the uncertainties, the mixed 
solvents were used to make the calibration curves more accurate.   
Aggregation studies 
The emission graphs showed two main peaks for emission and light-scattering in an ideal 
graph. However, in some of the twisted derivatives’ graphs, especially 4 and 3 while in water, 
there was an additional minor peak that was theorized to be caused by aggregation of the 
derivatives in solutions causing them to show a separate absorption and emission spectrum. In 
order to confirm this, trials were run on all five of the probes by placing them in water and 
increasing the concentration to determine at what concentrations of derivative aggregation would 
occur. The planar derivatives, PRODAN and 5, showed minor, if any, aggregation and that 
aggregation would not affect their emission data. Generally, the twisted derivatives had some 
aggregation at high concentrations above 10 μL aliquots of the probe solution. As there is no 
case where more than 10 μL aliquot was used, this appears to not affect this study. 
SDS, CTAB, and TX-100 solution creation 
 The SDS, CTAB and TX-100 solutions were made from their solid form for SDS and 
CTAB and from viscous liquid form for TX-100. A 25mL volumetric flask was filled with .72g 
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of SDS and filled to volume with water to form a 100mM solution. A 100mL volumetric flask 
was filled with 1.82g of CTAB and filled to volume with water to form a 50mM solution. As 
TX-100 forms reverse micelles, a 250mL volumetric flask was filled with 1.5g of TX-100 for a 
4:1 solution of TX-100 to 1-hexanol and diluted to volume with cyclohexane resulting in a 
10mM solution. The solutions were occasionally heated mildly or sonicated in order to remove 
crystals and to let the surfactants mix evenly in the solution. The solutions were allowed to cool 
to room temperature before use. 
Micellar solution studies 
 The trials for the micelles studies show the effect of the micelle concentration on the E/A 
values from which the solvent acidity can be calculated. The experiment starts by taking an 
absorption spectra reading of 2mL of water for SDS and CTAB or 2mL of cyclohexane for TX-
100 for the reference and with the probe as a sample at 0M micelle concentration. The reference 
is used for all of the micelle solutions that contain that solvent in that trial as a reference. Two 
additional readings were taken at 3 minutes after and then 5 minutes after mixing to see if the 
micelles formed instantly or not. The conditions for each set of runs are listed in the Table 4. 
The conditions for some of the solvents or micelle concentrations for emission may have been 
modified by an order of magnitude when measured but were corrected for when analyzed in 
Excel.  
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SDS runs 
absorption 
(integration time, 
boxcar width, 
number of scans) 
emission 
(integration time, 
boxcar width, 
number of scans) 
slit 
width 
(in 
nm) 
volume of probe 
solution used in 
each sample (in uL) 
PRODAN 500,8,8 200,4,4 5 7 
derivative 2 500,8,8 800,4,4 7.5 7 
derivative 3 500,8,8 1500,4,4 7.5 4 
derivative 4 600,8,8 700,4,4 7.5 7 
derivative 5 450,8,8 30,4,4 7.5 7 
CTAB 
runs 
    PRODAN 600,8,8 60,4,4 7.5 7 
derivative 2 600,8,8 350,4,4 7.5 7 
derivative 3 500,8,8 1000,4,4 7.5 7 
derivative 4 600,8,8 1000,4,4 7.5 4 
derivative 5 600, 8,8 12,4,4 7.5 7 
TX-100 
runs 
    PRODAN 350,8,8 150,4,4 5 7 
derivative 2 350,8,8 350,4,4 5 7 
derivative 3 500,8,8 1000,4,4 5 7 
derivative 4 500,8,8 350,4,4 5 7 
derivative 5 350,8,8 500,4,4 5 7 
Table 4 – conditions for micellar concentration studies  
The starting concentrations depend on the CMC of the micelle being measured. The trials 
for SDS with an experimental CMC of 8.3 mM measured 2, 4, 6, 8, 10, 12, 14, 16, and 18 mM 
with the additional readings at 8mM and 10mM. The trials for CTAB with an experimental CMC 
of .91mM measured 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, and 18mM with additional readings at 4 and 6 
mM.
19
 When the CTAB trials originally began, the CMC was predicted to be higher than it was, 
so there were extra trials ran at 8 and 10mM but a secondary trial was run for the CTAB-
PRODAN trial. The trials for TX-100 with an experimental CMC of .15mM  was measured at .4, 
.6, .8, .10, .12, .14, .16, .18, and .20mM with additional readings at .10 and .12mM. The original 
thought was that the CMC for TX-100 was lower than initially expected so the additional 
readings were done at 10 and 12 mM. 
20 
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In addition to these basic sets of conditions, each of the micelle studies were compared 
with readings in 2-propanol and in mixed solvents. The 2-propanol readings consisted of taking a 
reference for 2-propanol and then the probe in a sample of 2-propanol. The mixed solvent 
readings included using 1 mL of water for CTAB and SDS or 1 mL of cyclohexane for TX-100 
and 1 mL of 2-propanol for the reference for a 2mL mixed solvent readings. In the two samples, 
one is the mixture with the probe and one is the mixture, the probe, and micellar solution that 
will cause the resulting solution to be at the CMC.  
After correcting absorbance values so that the lowest point is zero, a graph comparing the 
absorbance to the micelle concentration of the solution is constructed. This graph indicates the 
CMC and approximately how the fluorescent enhancement caused by association with the 
micelle. From this data, the average of emission to absorption ratio values is taken between the 
plain 2-propanol/probe mixture and the 2-propanol/probe/micelle mixture is taken. This average, 
A(iPrOH+*), is then divided by the maximum emission to absorption ratio value for that micelle, 
A(M), which is predicted to be the concentration closest to the CMC without too many or too 
few surfactants affecting the fluorescence and absorption values, from that trial (equation 1). 
The logarithm of the inverse of this value is taken and divided by the enhancement factor for that 
probe, m, which is the slope of the plot of log (Imax/I) vs. SA (equation 2). From here, the value 
is subtracted from the known value of 2-propanol, .283, in order to get the effective SA of the 
probe in the micelle (equations 3-6). The following set of equations displays the relation 
between the calculated solvent acidity and the absorbance values. 
(1) A(iPrOH+*)/A(M) 
(2) m = log(1/x)/SA(x) 
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(3) SA(M*) = SA(iPrOH) – (1/m)*(log( 1/ 
(A(iPrOH+*)/A(M)) 
(4) SA(M*) = SA(iPrOH) – (log(A(M)) – 
log(A(iPrOH+*))/m 
(5) SA(M*) = SA(iPrOH) + (log(1/A(M)) – log 
(1/A(iPrOH+*))/m 
(6) SA(M*) = SA(iPrOH) +SA(M) – SA(iPrOH+*) 
(7) SA(iPrOH) – SA(iPrOH+*) ≈ 0,  
(8) Thus, SA(M*) = SA(M) 
In equations 3 through 8, SA(M*) is the apparent solvent acidity in the micelle whereas SA(M) 
is the experimental solvent acidity as a function of the enhancement factor. The assumption 
made in equation 7 assumes that the average between the 2-propanol and 2-propanol/micellar 
solution is as large as SA(iPrOH). Regardless, the calculation allows to account for both. 
All of the analyses follow this formula except for the first PRODAN/SDS trial as the 
decision to include the 2-propanol solutions had not been made yet. In this case, the same 
procedures were followed but, instead of averaging 2-propanol’s and a 2-propanol/micellar 
solution at CMC mixture’s emission to absorption ratio values, the average of water’s and 
water/micellar solution at CMC mixture’s emission to absorption ratio values are taken. As well, 
instead of using the solvent acidity value of 2-propanol, .283, the solvent acidity value of water, 
1.062, is used for the solvent acidity calculation of the micellar solution.
21
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Results and Discussion 
Enhancement factors: 1 
The absorption of 1 in various polar protic solvents are shown in figure 6. A minor light 
scattering peak appears at around 365nm. It is largest in 1,2-propanediol. Because the mixed 
solvent data were added after the initial set of readings, the data figure is the combination of two 
sets of experiments. The second set of readings with the mixed solvents included a second 
isopropanol reading so that the second set could be adjusted for a combination with the first set. 
The two isopropanol data sets differ as a result of the condition of the fluorimeter and Xenon 
lamp on each of the given days. The corresponding emission spectra are shown in figure 5. The 
emission intensity is lowest in H2O and highest in isopropanol. The absorption values vary 
between 0.06 and 0.13. Absorption values of less than or equal to 0.1 are typically prescribed to 
internal filter in effects on emission spectra.  The behavior of 1 will serve as a point of 
comparison to the other compounds as it remains mostly planar in its excited state. 
 
Figure 5. Emission Spectra of 1 in various protic solvents 
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Figure 6. Absorption spectra of 1 in various protic solvents 
 
As polarity and solvent acidity increases, the emission (E) intensity decreases and the 
peak maxima wavelength shifts to the red. The absorption (A) data follows a similar trend. As 
solvent acidity increases, absorption decreases. When the E/A data are compared to the solvent 
acidity, there appears to be an inverse correlation between the two. The E/A ratio will be referred 
to as I, the absorption adjusted emission intensity. The data were normalized by the maximum I 
values. A graph of log(1/I) vs. solvent acidity was constructed. Because of how the probe reacted 
to the di-hydroxyl solvents, these data were excluded on the basis that the second hydroxyl group 
would change the hydrogen bonding compared to the other solvents. The plot indicates an 
inverse correlation between I and solvent acidity. The plots of log(Imax/I) vs. solvent acidity are 
shown in figure 7. 
 The data was fit to a line, and the trendline gave the equation, y = 0.7949x - 0.2324, for 
the emission maxima data and the equation, y = 0.7256x - 0.2328, for the integrated emission 
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data. The enhancement factor, which is the slope of the line, is fairly low for these plots showing 
that there is relatively little change in the I value as solvent acidity changes. As the enhancement 
factors are less than one, when solvent acidity changes, this compound would not be a good 
indicator of solvent acidity. 
 
Figure 7. Plot of between log(Imax /I) vs. SA for 1 
 
Enhancement factors: 2  
 
The absorption and emission spectra for 2 are shown in figures 8 and 9. The maximum 
absorbance is centered on 365 nm. The emission peaks are narrower for 2 than for 1. The 
variation in emission intensity for 2 is similar to 1. The emission values range from 9500 and 
59500 counts but decrease in a more pronounced pattern than in 1. The absorption values range 
between 0.045 and 0.092, but the spectra change more noticeably as solvent acidity increases.  
There are multiple readings for isopropanol as the mixed solvent readings were added 
from a different set of experiments. The correlation between the I values and SA are plotted in 
figure 10. The maxima trendline produced the equation, y = 2.0272x - 0.5635, while the 
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integrated trendline produced the equation, y = 1.9617x - 0.5585. The enhancement factors are 
much greater than those of 1 meaning that the I values will noticeably change with solvent 
acidity. The R
2
-value is close to one indicating the correlation is strong. 
 
Figure 8. Emission Spectra of 2 in various protic solvents 
 
Figure 9. Absorption spectra of 2 in various protic solvents 
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Figure 10. Plot of log((E/A)max/(E/A)) (y-axis) vs. SA (x-axis) for 2 (blue diamond = I 
values from emission maxima; red squares = I values from integrated emissions) 
Enhancement factors: 3 
The absorption and emission spectra of 3 in a range of polar protic solvents are shown in 
figure 11 and 12. The absorption spectra vary as seen before: the smallest absorption is in water 
and it has decreased by 40%. The intensity of the emission spectra of 3 decreases sharply. The 
problem that occurs with 3 is the occurrence of a secondary emission peak in water and the 
aqueous mixed solvents. This peak is thought to arise from aggregation of 3. Aggregation would 
affect both absorption and emission intensity. In this case, the effect isn’t very significant. The 
twisting in 3 is due to the t-butyl group, and it rotates the carbonyl group out of plane. Interaction 
of the excited twisted conformation with polar solvents is thought to give rise to efficient non-
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Figure 11. Emission Spectra of 3 in various protic solvents 
 
Figure 12. Absorption spectra of 3 in various solvents 
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will noticeably change with solvent acidity. As well, the R
2
-value is close to one indicating a 
strong empirical correlation. 
 
Figure 13. Plot of log(Imax/I)  vs. SA for 3 
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group from rotating at all; in 1, the amino group can rotate freely. The larger extent of 
aggregation  is result of the hydrophobicity of the ring. 
 
Figure 14. Emission spectra of 4 in various protic solvents 
 
Figure 15. absorption spectra of 4 in various protic solvents 
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 Because of the structural similarity with 3, it was hoped that the plot of 4 could be useful 
as a detector of solvent acidity. The correlations are displayed in figure 16. The maxima fit 
produced the equation, y = = 1.4613x - 0.3246, while the integrated fit produced the equation, y 
= 1.8641x - 0.459. The enhancement factors are greater than one meaning that the I values will 
change at significantly with solvent acidity. The R
2
-value is not very high but this is likely as a 
result of aggregation.  
 
Figure 16. Plot of log(Imax/I)  vs. SA for 4 
Enhancement factor: 5 
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smaller than expected. The peak maximum increases in wavelength. Specifically, all the alcohol 
solvents showed emission maxima below 500nm and all others showed peaks above 500nm. 
 
Figure 17. emission spectra of 5 in various protic solvents 
 
Figure 18. absorption spectra of 5 in various protic solvents 
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The absorption values of the alcohol solvents (other than 1-propanol) were around 0.15. The 
forced planar carbonyl structure of 5 due to its 6-membered ring prevents quenching. Thus, the 
emission intensities will be similar to that of 1, if not slightly greater.  
The plot of log(Imax/I) is displayed in figure 19. The maxima fit produced the equation, y 
= 0.6261x - 0.1787, while the integrated fit produced the equation, y = 0.5512x - 0.2067. The 
enhancement factors are lower than one meaning that the I values will not change noticeably 
with solvent acidity. As well, the R
2
-value is barely 0.9 indicating marginal correlation. This 
probe is predicted to be not very good at determining solvent acidity because the slope is so 
small.  
 
Figure 19. Plot of log(Imax/I) vs. SA for 5 
Enhancement factor: overall 
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acidity.  This conclusion is because their enhancement factors (Table 5) are less than one 
indicating that their I values do not change much with solvent acidity. Among the twisted 
derivatives, 3 has the highest enhancement factor indicating that it theoretically could be a good 
probe for solvent acidity. However, 2 has a more sensitive enhancement factor. Compounds 4 
and 3 have potential as indicators of solvent acidity, but the t-butyl groups give rise to 
aggregation peaks. Aggregation in 3 is not as bad as it is in 4, so 3 still holds the possibility of 
being a good indicator. Overall, the best candidates for probes for solvent acidity at this point in 
the study are 2 and 3. 
derivative m(max) m(int) b(max) b(int) 
1 0.79 0.73 -0.23 -0.23 
2 2.02 1.96 -0.56 -0.56 
3 2.45 2.28 -0.76 -0.72 
4 1.46 1.86 -0.32 -0.46 
5 0.63 0.55 -0.18 -0.21 
Table 5. The enhancement factors (m) of derivatives and their y-intercept(b) from peak 
maxima (max) and integrated (int) intensity data 
Micellar studies – SDS  
 The five probes were used to study three micellar solutions: SDS, CTAB, and TX-100. 
For each study, the probe was titrated with the micellar components. The absorption and 
emission spectra from the titration of 1 with SDS is shown in figures 20 and 21. The absorption 
of 1 decreases until the concentration gets to 4mM SDS, but the shape of the curve doesn’t 
change until around 8mM SDS when the micelle begins to form. For the 8 and 10 mM SDS data, 
several spectra were recorded after 3 and 5 minutes to see if micelle formation was instantaneous 
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or not.  Because emission intensity and absorbance increase with time, micelle formation is not 
instantaneous. The emission spectra decrease slightly until SDS concentration reaches about 
8mM. At 8mM, the intensity begins to increase substantially. At 10 mM, the intensity begins to 
approach an asymptote. The peak maxima position shifts to lower wavelengths after the CMC 
has been reached and continues to decrease slightly after the CMC.  
 The plot of log(Imax/I) vs. [SDS] shows an s-shaped curve. This plot shows that 1 
responds to micelle formation but not to increasing component concentration. The jump in 
log(Imax/I) is less than one order of magnitude. The plot indicates the CMC is ~7.9mM. This 
CMC is fairly close to the experimentally accepted value. 
 
Figure 20. Emission Spectra of 1 with varying concentrations of SDS ranging from 0mM to 
18mM and in isopropanol mixtures.  plain is 0mM SDS 
-10000 
0 
10000 
20000 
30000 
40000 
50000 
60000 
300 350 400 450 500 550 600 650 700 
e
m
is
si
o
n
 in
te
n
si
ty
  (
a.
u
.)
 
wavlength  (nm) 
plain 
2 
4 
6 
8(1) 
8(+3) 
8(+5) 
10(1) 
10(+3) 
10(+5) 
12 
14 
16 
18 
43 
 
 
Figure 21. Absorption Spectra of 1 with varying concentrations of SDS ranging from 0mM 
to 18mM and in isopropanol mixtures 
  
Figure 22. Plot of log((E/A)max/(E/A))  vs. micellar concentration SDS for 1 
 The absorption and emission titration of 2 with SDS are shown in figures 23 and 24. The 
absorption spectra for 2 steadily decrease until 4mM SDS. The shape of the absorbance curve 
stays constant until 6 mM SDS. This point is a somewhat early compared to the experimentally 
accepted CMC where micellar properties should become evident. Waiting 3 minutes and then 8 
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intensity decreases slightly until 6mM. The intensity increases substantially at 6mM. At 8 mM, 
the intensity has nearly reached its maximum. The position of the emission maxima does not 
shift much when comparing before and after the CMC, and it occurs between the maxima values 
in isopropanol and water. The peak intensity for isopropanol with and without SDS scaled down 
by a factor of 100. The peak for isopropanol and water mixed with SDS scaled down by a factor 
of 10. This adjustment was done in order to display all of the emission data on one graph and still 
have changes noticeable.  
The plot of log(Imax/I) vs. [SDS] again shows an s-shaped curve in figure 23. The shape 
is not as pronounced as with 1. The plot  shows that the photophysical behavior of 2 responds to 
micelle formation and increasing surfactant concentration. The change in log(Imax/I) is a 0.75 
difference and is fairly large compared to other probes. The plot indicates that the CMC is 
~5.5mM. This CMC value is less than the accepted CMC but the complete formation of micelles 
in solution may be at higher [SDS] based on the fact that the curve doesn’t start to reach an 
asymptote until 10mM. Because 2 is thought to be fairly sensitive to micelle formation, this 
makes interpretation  sense. 
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Figure 23. Emission Spectra of 2 with varying concentrations of SDS ranging from 0mM to 
18mM and in isopropanol mixtures. Plain is 0mM SDS. 
 
Figure 24. Absorption Spectra of 2 with varying concentrations of SDS ranging from 0 mM 
to 18mM and in isopropanol mixtures 
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Figure 25. Plot of log(Imax/I) vs. micellar concentration SDS for 2 
The titrations for 3 with SDS are shown in figures 26 and 27.The absorption spectra for 3 
steadily decrease in until 6mM SDS. The shape of the absorbance curve stays constant until 6 
mM SDS. The absorption and emission spectra indicate that the micelles start forming at 6mM. 
Waiting 3 minutes and 8 minutes at 8mM again showed micelle formation does not occur 
immediately. The emission intensity decreases until 6mM at which point increases substantially. 
There is a significant peak corresponding to aggregation around 425nm that is inversely 
proportional to the size of the peak at 500nm. The aggregation peak increases in size reaching a 
maximum at 4mM. After this point, as micellar concentration increase, the peak slowly decreases 
in size. The aggregation peak reaches a minimum at 8mM after 3 minutes have passed. This 
means that as the micelle forms, the aggregation itself decreases substantially. As well, the 
emission intensity at 500nm increases beginning at 6mM. At 8 mM, the intensity reaches its 
maximum. The peak position of micellized 3 does not shift much. The light-scattering peak is 
much more prominent. Adding isopropanol minimized the aggregation peak indicating that 
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aggregation is related to water concentration. In the emission spectra, the peaks for isopropanol 
with and without SDS scaled lower by a factor of 100. The peak for isopropanol and water mixed 
with and without SDS is lower by a factor of 10.  
 The plot of log(Imax/I) vs. [SDS] shows a less defined s-shaped curve in figure 28. This 
plot shows that the photophysical behavior of 3 responds to micelle formation. The change in 
log(Imax/I) is a 0.4 difference for integration and 0.7 for the emission maxima. The plot indicates 
the CMC is ~4mM from the integrated emission and ~6.2mM from the maxima emission. This 
CMC value is much less than the accepted CMC but the curve reaches its asymptote at 8mM. 
The problem with aggregation with 3 could have an affect on the overall absorbance, which 
could explain the shapes of the plot. 
 
Figure 26. Emission Spectra of 3 with varying concentrations of SDS ranging from 0mM to 
18mM and in isopropanol mixtures. Plain is 0mM SDS. 
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Figure 27. Absorption spectra of 3 with varying concentrations of SDS ranging from 0mM 
to 18mM and in isopropanol mixtures 
 
Figure 28. Plot of log(Imax/I)  vs. [SDS] for 3 
The titrations for 4 are shown in figure 29 and 30. The absorption spectra for 4 steadily 
decrease in until 8mM SDS. The shape of the absorbance curve  stays constant until 8 mM SDS. 
The absorption and emission spectra indicate that the micelles start forming at 6mM. After 3 
minutes and 8 minutes at 8mM, the data taken shows that micelles formation occurs fully. The 
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emission intensity at 525nm decreases until 6mM. There is a significant peak due to aggregation 
around 425nm and 450 that are inversely proportional to the size of the peak at 525nm. The 
aggregation peaks grow until the SDS concentration reaches 6mM. After this point, as micellar 
concentration increases, the aggregation peaks slowly shrink. The aggregation peaks reach a 
minimum at 8mM after 3 minutes have passed. The emission intensity at 500nm increases 
beginning at 6mM. At 8 mM, the intensity at 525nm reaches its maximum. The peak position 
does not shift much outside of changing the solvent itself. The peaks for isopropanol and the 
mixed solvents despite being at much lower integration times were still much higher by 
comparison with this probe and showed minimal aggregation. Thus, the aggregation peaks were 
most likely a function of the water concentration. The aggregation was still somewhat present 
even after complete micelle formation, however, showing that 4 has a problem with aggregation. 
The emission spectra in isopropanol with and without SDS are lower by a factor of 100. The 
peak for isopropanol and water mixed with and without SDS are scaled down by a factor of 10. 
 The plot of log(IMAX/I) vs. [SDS] don’t show much of an s-shaped curve in figure 31. 
The plot  begins to level off at the CMC. Again, the photophysical behavior of 4 responds to 
micelle formation. Due to the aggregation and the weak fluorescence, the derived enhancement 
factors may not be useful. The change in log(Imax/I)is a 0.6 difference. The large, sharp jump in 
the plot that may be due to the aggregation peaks.  According to the plot, the CMC is 7.5~mM, 
which is close to the accepted value.  
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Figure 29. Emission Spectra of 4 with varying concentrations of SDS ranging from 0mM to 
18mM and in isopropanol mixtures. plain is 0mM SDS. 
 
Figure 30. Absorption spectra  of 4 with varying in concentration of SDS ranging from 
0mM to 18 mM and in isopropanol mixtures 
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Figure 31. Plot of log(Imax/I) vs. [SDS] for 4 
The titration plots for 5 with SDS appear in figures 32 and 33. The absorption spectra of 
5 decrease until 6mM SDS. The shape of the absorbance curve doesn’t change until 8mM SDS. 
The absorption spectra are nearly constant changing only slightly as micelle concentration 
increases. The absorption and emission spectra indicate that micelle formation occurs at 8mM 
SDS after 3 minutes passed and compound 5 exhibits similar behavior to 1. The emission 
intensity decreases until 6mM. At 6mM, the intensity begins to increase substantially. At 8 mM, 
the intensity begins to approach an asymptote. The wavelength of the emission maxima does not 
change much with increasing [SDS]. The mixed solvent and isopropanol spectra are intense but 
only the isopropanol peak maximum changes position indicating that water affects the position 
while isopropanol affects the emission intensity. In the plot of emission intensity, the spectra for 
isopropanol without SDS are scaled down by a factor of 5. 
 The plot of log(IMAX/I) vs. [SDS] shows an s-shaped curve (figure 34). This plot shows 
that the photophysical behavior of 5 responds to micelle formation but not increasing surfactant 
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concentration. The change in log(Imax/I) is a 0.6 difference and the plot shows a CMC value of 
~7mM. This CMC is fairly close to the experimentally accepted value. 
 
Figure 32. Emission Spectra of 5 with varying concentrations of SDS ranging from 0mM to 
18mM and in isopropanol mixtures - plain is 0mM SDS. 
 
Figure 33. Absorption spectra of 5 in water in varying concentrations of SDS ranging from 
0mM to 18mM and in isopropanol mixtures 
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Figure 34. plot of log(Imax/I) vs. [SDS] for 5 
Micellar studies: CTAB 
Titration plots for 1 with CTAB are shown in figures 35 and 36. The absorption spectra 
for 1 increase very slightly as [CTAB] increases. The shape of the absorption spectra doesn’t 
change until around 3mM CTAB. According to the absorption and emission spectra, the micelles 
form at 3mM CTAB. After 3 minutes at 4mM CTAB, the micelles formation is evident and the 
emission spectra increase dramatically in intensity. At 6 mM, the intensity approaches an 
asymptote. The maxima position blue shifts by approximately 30 nm when the micelle is 
completely formed. The peaks for isopropanol with and without CTAB are scaled down by a 
factor of 100. The peak for isopropanol and water mixed with CTAB scaled down by a factor of 
10. 
The plot of log(Imax/I) vs. [CTAB] for 1 shows a reasonably s-shaped curve (figure 37). 
This plot shows that the photophysical behavior of 1 responds to micelle formation, that the 
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change in log(Imax/I) is 0.55, and that the CMC is ~3.5mM. The CMC value is far off from the 
accepted value. At this concentration, 1  becomes insensitive to further increases in CTAB. 
 
Figure 35. Emission Spectra of 1 with varying concentrations of CTAB and in isopropanol 
mixtures. Plain is 0mM CTAB. 
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Figure 36. Absorption spectra of 1 in varying concentrations of CTAB and in isopropanol 
mixtures 
 
Figure 37. Plot of log(Imax/I) vs. [CTAB]  for 1  
Compound 2 is very dynamic absorption and emission spectra (figure 38 and 39). As 
concentration increases, the absorbance seems to increase steadily. The emission intensities 
drastically increase between 2 and 3 mM CTAB. At 4mM, the micelles form after  several 
minutes. The emission maximum blue shifts from 535 nm to 515 nm after 2mM CTAB. The 
isopropanol and mixed solvent emission intensities are very large compared to the values in 
4.5mM CTAB. Multiple trials were done in order to ascertain data around the CMC. 
The plot of log(Imax/I) versus [CTAB] for 2 show a very sharp change in the I-values as 
the CTAB concentration increases from 2 to 3mM (figure 40). The micelle forms around 3mM, 
and the curve begins to reach its asymptote at 3mM. There is a slight S-shape to the curve. The 
change in log(Imax/I) values is 1.4, a very large number. The plot shows the CMC value is about 
~2.2mM CTAB. This CMC is also far off the accepted value but closer than the CMC indicated 
by 1.  
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Figure 38. Emission Spectra of 2 with varying concentrations of CTAB    and in 
isopropanol mixtures. Plain is 0mM CTAB. 
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Figure 39. Absorption spectra of 2 in various solvents in varying concentrations of CTAB    
and in isopropanol mixtures 
 
Figure 40. plot of log(Imax/I) vs. [CTAB]  for 2  
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Titration curves for 3  are shown in figure 41 and 42. The absorption spectra of 3 are 
much lower in aqueous solutions than in isopropanol. The shape of the absorption spectra change 
around 3mM. The emission spectra show a definite aggregation peaks around 430nm but there is 
minor shifting of the maximum peak from 505 nm before the CMC to 495 nm above the CMC. 
The intensity of 3 in aqueous solution was relatively small even when the integration time was 
increased by a factor of 10 in the plot. Lower integration times were needed to keep the light 
scattering peaks on scale. They were almost two to three times as larger than the strongest probe 
emission. The emission spectra intensities increase around 4mM CTAB but steadily increase 
even at the maximum [CTAB]. The aggregation peak starts to decrease in size at 4mM but 
doesn’t reach its minima until 10mM. The problem with aggregation still exists with this probe 
in aqueous solution. Again, multiple trials were done in order to fully characterize the behavior 
around the CMC. The peaks for concentrations 0 through 4mM CTAB were rescaled by a factor 
of 10 in order to be visible on the graph. 
The plot of log(Imax/I) vs. [CTAB] for 3 shows a slight s-shaped curve (figure 43). The 
log(Imax/I) values change well before the CMC values indicated by the other probes. The 
aggregation peaks again interfered with the plots. The log(Imax/I) value for Compound 3 changes 
by 1.5 as concentration increased. The CMC value according to this plot is approximately 2mM. 
The aggregation peaks may have interfered with this determination. 
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Figure 41.  Emission Spectra of 3 with varying concentrations of CTAB and in isopropanol 
mixtures. Plain is 0mM CTAB.  
 
Figure 42. Absorption spectra of 3 in varying concentrations of CTAB and in isopropanol 
mixtures 
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Figure 44. Plot of log(Imax/I)vs. [CTAB]for 3  
The titration curves for 4 were as prevalent as with 3 (figure 44 and 45).The absorption 
spectra of 4 increased in magnitude and changed in shape as CTAB concentration increased. The 
most notable change occurs at 6mM CTAB where the shape of the absorption spectra becomes 
more rounded at 365nm. After 10mM CTAB, the absorption spectra decrease. The emission 
spectra show aggregation problems similar to 3. The emission of 4 blue shifts from 510 nm to 
500nm after micellization. The aggregation emission peak is larger than the non-aggregated 
emission peak until 8mM CTAB. Again, non-aggregated emission peak intensity is inversely 
proportional to the aggregation peak intensity. The aggregation emission maximum occurs at 
3mM, but it quickly decreases at higher CTAB concentrations. The emission spectra show that 
the aggregation of 4 occurs even after micelles have formed.  Multiple trials were done in order 
to refine the behavior around the CMC. The peaks for concentrations 0 through 4mM CTAB and 
9mM CTAB H2O/iPrOH solution were rescaled lower by a factor of 10 in order to be noticeable 
on the plot. 
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Figure 44. Emission Spectra of 4 with varying concentrations of CTAB    and in 
isopropanol mixtures. Plain is 0mM CTAB. 
 
Figure 45. Absorption spectra of 4 in various sovlents in varying concentrations of 
CTAB    and in isopropanol mixtures 
 The plot of log(Imax/I) vs. [CTAB] for 4 shows more of s-shaped curve than with 3 
(figure 46). The initial change in log(Imax/I) occurs at 2mM CTAB and reaches its asymptote at 8 
minutes after adding 6mM CTAB. The aggregation does have a large effect here. Thus, the CMC 
is difficult to discern from the plot, but indicates that the CMC value is ~4mM CTAB. This 
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CMC is again different from the accepted CMC value, but the log(Imax/I) valuesfor 4 are 
responsive to the formation of CTAB micelles.  
 
Figure 46. Plot of log(Imax/I) vs. [CTAB] for 4 
Finally the titration curves for 5 are relatively well behaved (figures 47 and 48). The 
maximum absorption values of 5 are between 0.16 and 0.21. The spectra change shape slightly 
after 6mM and increase to the range maximum absorption at 8mM.  The emission and absorption 
spectra begin to change around 6mM CTAB. This behavior is similar to 1 in that the absorption 
stays relatively constant and the emission changes fairly concretely. The emission intensity 
decreases as the CTAB concentration increases from 1mM until about 4mM. At 6mM, the 
intensity begins to increase substantially. At 8 mM, the intensity begins to approach an 
asymptote. The peak maximum shifts from 510nm to 490nm as concentration increases from 
0mM to 14mM. The peaks for 0mM to 4mM CTAB have been rescaled larger by a factor of 
1.5in order to properly show them on the graph. 
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Figure 47. Emission Spectra of 5 in various solvents with varying concentrations of CTAB    
and in isopropanol mixtures. Plain is 0mM CTAB.  
 
Figure 48. Absorption spectra of 5 in water in varying concentrations of CTAB    and in 
isopropanol mixtures 
 The plot of log(Imax/I) vs. [CTAB] for 5 forms an s-shaped curve (figure 49). The curve 
does not reach an asymptote after the micelle properties are apparent. However, there is a point 
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where the log(Imax/I) values would have begun to level off in a normal s-curve. After 6mM,  the 
plot  appears to be linearly decreasing in a different manner than it was before the CMC. This 
behavior does not occur with any other planar derivatives in this study. All other graphs 
eventually reach an asymptote. This may be due to unknown complications that could’ve 
occurred during the study; however, while this aspect could bring up further research topics, it is 
not the concern of the study. This behavior further underscores that 5 would not be a good probe 
for solvent acidity. There is a jump in log(Imax/I) from  roughly 0.65 to 0.25. The overall range is 
fairly large, but, considering the linearity of the log(Imax/I) values vs. concentration at the end, 
this range is too large. The plot indicates that the CMC is ~5mM, again far from the 
experimentally accepted value.  
 
Figure 49. Plot of log(Imax/I) vs. [CTAB] for 5  
Micelle Studies: TX-100 
 TX-100 forms reverse micelles inside of nonpolar media. As a result, it will display 
properties that seem opposite of normal micelle formation. The inner core of the reverse micelle 
is polar so, when the reverse micelle forms, the PRODAN derivative should orient the carbonyl 
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group near the polar center. Because the overall polarity of these micelles is much less htan SDS 
and CTAB micelles,the emission maxima will appear at lower wavelengths and at lower 
intensities 
 PRODAN (1) shows this behavior. As concentration of TX-100 increases, the emission 
intensity decreased steadily and the absorption spectra decreased sharply and then leveled off 
(figure 50). The absorption spectra is visible in figure 51. The spectra shows a sudden jump 
0.4mM TX-100. After 0.4mM, as concentration increased, the absorption steadily decreased 
reaching an asymptote. The shape of the absorption spectra did not change much. In the emission 
spectra, as concentration of TX-100 increases, the emission intensity steadily decreases and blue 
shifts. These changes occur even before the CMC is reached. From the absorption spectra or the 
emission spectra alone, there is no indication of an asymptote. However, these values are 
combined and an asymptote becomes apparent. All emission peaks have the same relative width 
to height ratio.  
 The plot of log(Imax/I) vs. [TX-100] for 1 shows an s-curve, but it is in the opposite 
direction of SDS and CTAB micelles. At 0mM and 0.04mM, the log(Imax/I) increases slightly 
and then drops at 0.06mM. From 0.06mM, it begins to follow the s-shaped pattern implying that 
the probe is sensitive to the formation of micelles. The change in log(Imax/I) is approximately 
0.18, and the plot shows that the CMC value is approximately 0.14mM. This is fairly close to the 
accepted value of 0.15mM. As the S-shape is not very distinct and the 0mM and .04mM points 
are only an order of magnitude greater than the 0.06mM point. Compound 1 is not responsive to 
formation of TX-100 micelles. These properties are shown in figure 52. 
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Figure 50. Emission Spectra of 1 with varying concentrations of TX-100 ranging from 
0mM to 2.0mM and in isopropanol mixtures. Plain is 0mM TX-100 in cyclohexane.  
 
Figure 51. Absorption spectra of 1 in varying concentrations of TX-100 ranging from 0mM 
to 2.0mM and in isopropanol mixtures.  
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Figure 52. Plot of log(Imax/I) vs. [TX-100]  for 1  
 Titration of 2 with TX-100 gives similar results. The absorption of 2 decreases 
immediately after the addition of TX-100 (figure 54) and continues to drop even after the 
formation of micelles. The emission spectra begin to decrease steadily as [TX-100] increases 
(figure 53). With greater wait times at 0.10mM and at 0.12mM, the emission intensity decreases 
showing that micelle formation for TX-100 has not occurred. As [TX-100] increases, the 
emission maxima blue shifts by a few nanometers.  
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Figure 53. Emission Spectra of 2 with varying concentrations of TX-100 ranging from 
0mM to 2.0mM and in isopropanol mixtures. Plain is 0mM TX-100 in cyclohexane. 
 
Figure 54. Absorption spectra of 2 in varying concentrations of TX-100 ranging from 0mM 
to 2.0mM and in isopropanol mixtures 
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Figure 55. Plot of log(Imax/I) vs. [TX-100]  for 2  
The plot of log(Imax/I) vs. [TX-100] for 2 shows a distinct s-shaped curve. The drop in 
log((E/A)max/(E/A)) after the addition of 0.04mM TX-100 occurs in this sample as well but 2 
responds to the immediate addition of surfactant. Also, because of the comparative sharpness of 
the s-curve, 2 is sensitive to micelle formation. The plot shows that micelles completely form by 
0.14mM TX-100. The log(Imax/I) values change by 0.23 and shows a predicted CMC value of 
about 0.14mM TX-100. This value is fairly close to the accepted CMC value. The plot can be 
seen in figure 55. 
The absorption spectra of 3 decrease substantially after the initial addition of TX-100 as 
shown in figure 57. The absorption spectra decrease as [TX-100] increases. The absorbance 
maxima in isopropanol and the mixed isopropanol solvents shift to the red by several 
nanometers. The emission spectra steadily decrease in intensity as [TX-100] increases as seen in 
figure 56. The positions of the maxima shift to the blue as [TX-100] increases. As time passes at 
0.10mM and 0.12mM TX-100, the emission intensity decreases indicating that micelle formation 
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is not complete until at least 0.16mM. The isopropanol and mixed solvents emission maxima are 
shifted almost 100nm to the red and shift to the blue after the addition of 0.105mM TX-100.  
Figure 56. Emission Spectra of 3 with varying concentrations of TX-100 ranging from 
0mM to 2.0mM and in isopropanol mixtures. Plain is 0mM TX-100 in cyclohexane. 
 
Figure 57. Absorption spectra of 3 in varying concentrations of TX-100 ranging from 0mM 
to 2.0mM and in isopropanol mixtures. 
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The plot of log(Imax/I) vs. [TX-100] for 3 does not show an s-shaped curve (figure 58). 
The plot shows a slight curve at 0.14mM and the point at 0.16mM seems erroneous. When those 
two points are excluded, the curve is just a line. While 3 is usually sensitive to SDS and CTAB 
micelle formation, this graph shows that it is not sensitive to TX-100 micelle formation. The 
overall change in log(Imax/I) is roughly 0.2. If the slight change at 0.14mM and 0.16mM are 
indicators of micelle formation, then the plot indicates that the CMC value is approximately 
.15mM. This is very close to the accepted CMC value of TX-100.  
 
Figure 58. Plot of log(Imax/I) vs. [TX-100]  for 3  
The absorption spectra of 4 slowly decrease from 0mM until 0.20mM as seen in figure 
60. The shape of the absorbance curve changes in isopropanol and mixed isopropanol solvent 
compared to the rest. The emission spectra decreases steadily from 0mM to 0.10mM as seen in 
figure 59. After 3 and 8 minutes at 0.10mM, the emission spectra increases in intensity 
indicating that the micelle has not formed. From 0.10mM to 0.12mM, the intensity decreases 
significantly and, after 3 and 8 minutes, the emission maxima intensity decreases indicating the 
micelle are beginning to form. This compound shows two maxima after micelle formation. There 
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are two possible explanations for this behavior: 1) duel probe locations in the micelle or 2) dual 
emission from the local excited (LE) and the charge transfer (ICT) states.  
 
Figure 59. Emission Spectra of 4 with varying concentrations of TX-100 ranging 
from 0mM to 2.0mM and in isopropanol mixtures. Plain is 0mM TX-100 in cyclohexane 
 
Figure 60. Absorption spectra of 4 in varying concentrations of TX-100 ranging from 0mM 
to 2.0mM and in isopropanol mixtures  
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The plot of log(Imax/I) vs. [TX-100] for 4 show a small s-shaped curve (figure 61). Due to 
the cahnging absorptions at 6mM and 12mM after 3 minutes, the titration curve is skewed. The 
change in log(Imax/I) is approximately 0.2 which is a fairly large gap compared to the other 
probes in TX-100 micelles. This probe is still somewhat sensitive to micelle formation as the s-
shape can still be discerned. There is little change in the height of the points until the CMC is 
reached. This plot indicates that the CMC is approximately 0.11mM. This is far lower than the 
accepted. 
 
Figure 61. Plot of log(Imax/I) vs. [TX-100]  for 4  
Finally, the absorption spectra of 5 slowly and steadily decrease as [TX-100] increases as 
is shown in figure 63. The shape of the spectra do not change as concentration increases. As 
expected, 5 behaves similarly to 1 in the absorption and emission titrations. The emission spectra 
(figure 62) decrease from 0mM to 0.10mM. After 3 minutes, the emission intensity increases but 
then decreases after 8 minutes. The changes are small and can be due to inherent experimental 
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error. After 0.10mM, the emission spectra intensities slowly decrease until 0.14mM and then 
make a sudden decrease between 0.14mM and 0.16mM. The spectra again decrease until 
0.20mM. The emission maxima shifts to the blue as [TX-100] increases. As with 4, another peak 
begins to appear on the blue side of the main emission maxima. Again this can be ascribed to 
different probe location or dual emission from different electronic states. 
Figure 62. Emission Spectra of 5 with varying concentrations of TX-100 ranging from 
0mM to 2.0mM and in isopropanol mixtures.Plain is 0mM TX-100 in cyclohexane 
Figure 63. Absorption spectra of 5 in various solvents in varying concentrations of TX-100 
ranging from 0mM to 2.0mM and in isopropanol mixtures 
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The plot of log(Imax/I) vs. [TX-100] for 5 shows an ill-defined s-shaped curve (figure 64). 
The curve begins to reach an asymptote near 0.20mM but it is not as clear as it is with 2 and 4 
titration curves. The sudden drop from 0mM to 0.04mM in log(Imax/I) values occurs again. The 
spread in the points at 0.10mM and 0.12mM show that micelle formation is not immediate. The 
large spread that occurs in 5 indicates that it would not be a good probe. The change in log(Imax/I) 
values is approximately 0.16 and, according to the plot, the CMC is approximately 0.14mM,  
close to the accepted CMC value. 
 
Figure 64. Plot of log(Imax/I) vs. [TX-100]  for 5  
Micellar Study: overall  
 Apparent solvent acidities are calculated for each of the micelles from the titration plots 
for each of the five probes in each of the 3 micellar solutions using the emission maxima 
intensity and the integrated emission (table 6). Also, the experimental CMC and the changes in 
the log(Imax/I) are listed in table 7. Determining the apparent solvent acidity of probes in various 
micelles is the main interest of this study.  
0 
0.02 
0.04 
0.06 
0.08 
0.1 
0.12 
0.14 
0.16 
0.18 
0 0.05 0.1 0.15 0.2 0.25 
lo
g(
I m
ax
/I
) 
[TX-100] (mM) 
LOG(I_max/I) 
LOG(I_int.em/I) 
76 
 
SA(em. max) 1 2 3 4 5 
SDS (charge= -1) 0.711 0.74 0.80 0.97 0.22 
CTAB (charge = 
+1) 0.55 0.37 0.04 0.21 -0.12 
TX-100 (charge = 
0) 0.19 0.12 0.24 -0.52 0.13 
            
SA(int. em.) 1 2 3 4 5 
SDS (charge= -1) 0.699 0.70 0.79 0.74 0.17 
CTAB (charge = 
+1) 0.51 0.35 0.01 0.22 -0.19 
TX-100 (charge = 
0) 0.15 0.12 0.25 -0.32 0.06 
Table 6. Apparent solvent acidity values for each micelle based change in log(Imax/I) values 
as micelles form from emission maxima or integrated emission data 
Δlog(Imax/I) 
 
1 2 3 4 5 
SDS (charge= -1) 0.4 0.7 
.4(maxima) 
.58(integrated) 0.6 0.65 
CTAB (charge = +1) 0.55 1.4 1.5 1.4 0.7 
TX-100 (charge = 0) -0.18 -0.23 -0.2 -0.2 -0.16 
CMC (in mM) 
SDS (charge= -1) 7.8 5.5 
4(maxima) 
6.1(integrated) 7.5 7 
CTAB (charge = +1) 3.5 2.2 2 4 5 
TX-100 (charge = 0) 0.14 0.14 0.15 0.11 0.13 
Table 7. Micelle properties from titrations  
Evaluation of the probes 
The negative solvent acidity values are a clear sign that the probe was not effective at 
determining solvent acidity and that this method failed. As there are no accepted Solvent Acidity 
values for these micelles, there is no validation for this methd. The solvent acidity experience by 
the probes for each of the three micelles should follow the trend: SASDS>SACTAB>SATX-100. This 
is reasonable based on the overall polarity of the micelles which follows the same pattern: 
pSDS>pCTAB>pTX-100. This is also reasonable based their structures. TX-100 only contains 
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hydrogen bonding at its hydroxylgroup tail, so it should have the lowest SA. SDS would have a 
greater SA than CTAB as the sulfonates on SDS require more water in the interfacial region 
compared to CTAB. A good detector of solvent acidity, based on these micelles, would follow 
this basic solvent acidity trend.  
From this parameter, compounds 5 and 4 are would not be as effective of a probe of 
solvent acidity as each lists at least one surfactant’s solvent acidity as negative. Assuming that 
the agreement of multiple probes’ solvent acidity values is the standard for solvent acidity 
values, the values that 1, 2, and 3 produce for SDS and TX-100 are fairly close. However, 3 
produces a very low value for CTAB. 1, 2, and 4 all produce similar values for the solvent 
acidity of for CTAB. So, 3’s value for solvent acidity of CTAB is most likely incorrect. 4’s 
integrated effective solvent acidity value is close to 1, 2, and 3 for SDS and its CTAB value is 
close to that of 1 and 2. Although, 4 produced a negative solvent acidity value for TX-100, which 
makes it not useful. 5 consistently gives very low solvent acidity values; however, the value it 
produced for TX-100 was close enough for agreement with the values probes 1, 2, and 3 
produced. The problem with all of the TX-100 titrations is that the solvent acidity values they 
gave were below the scale that used for their enhancement factors. The experimental SA scale 
that was made with PRODAN and its derivatives ran from 0.283 to 1.064. PRODAN (1) 
produced values similar to those of 2 and they even tended to agree with many of the other 
probes’ values. The main difference between 1 and 2 was that 1 gave values that were 
consistently higher than those of 2. It was that 1 would be a poor probe, so more studies need to 
be done with 1 to confirm its status as a good probe of solvent acidity. The values of 2 are 
considered to be the most reliable.  
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Individually, each of the probes has their individual problems and praises. Looking at the 
probes as indicators of micelle formation and CMC, 2 responded the best to micelle formation 
and showed the largest change in the log(Imax/I) values. The CMC values shown by 2 were too 
low on occasion for SDS and TX-100 and slightly high for CTAB. With the exception of SDS, it 
was often the probe that produced the closest results to the accepted values for CMC. Also, the 
log(Imax/I) values were always the highest indicating that 2 showed the most sensitivity out of the 
probes to micelle formation. The t-butyl probes 3 and 4 produced large change in log(Imax/I) 
values and 3 always produced relatively accurate  CMC values. Compound 4 produced a correct 
CMC value for SDS but was not accurate with CTAB and TX-100. Compounds 1 and 5 had 
relatively small changes in log(Imax/I) values and produced correct CMC values for SDS but not 
for the other micellar solutions.  
The shape of the titration curves was indicative of the sensitivity of the probe to the 
micelle formation. If the probe produced an s-shaped curve, it was most likely sensitive to 
micelle formation and would give a good measure of the micelle’s solvent acidity. Compound 1 
produced clean s- curve for SDS and CTAB but not for TX-100. Compound 2 produced cleaner 
s-curves for all the micelles. Compound 3 showed a slight s-curve for SDS, a clean s-curve for 
CTAB, and no curve for TX-100. It was estimated that the aggregation had a affected the 
log((E/A)max/(E/A)) values for 3. Aggregation effects were seen with 3 and they varied from 
micelle to micelle. The aggregation was only an issue in water and aqueous solutions before the 
CMC. The fact that aggregation occurred means that the probe position might be variable based 
on aggregation.  
Aggregation was not an issue in CTAB compared SDS and not a problem in TX-100. As 
4 contains a 6 membered ring, it will tend to locate in a more nonpolar environment deeper 
79 
 
inside of the micelle or at the surface of the reverse micelle. Compound 4 appears to be sensitive 
to the micelle formation in water but even more so for reverse micelles. Compound 5 showed a 
light s-curve for SDS, a partial s-curve that turned into a line for CTAB, and a very rough s-
curve for TX-100. In general, 5 is not a well-behaved probe. 
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Conclusion: 
 Among the probes, 5 and 4 were considered the least suitable as probes for solvent 
acidity in micelles. 5 produced a negative SA value for CTAB and did not show the theoretical 
trend of SA values for the micelles. 4 had problems with aggregation that complicated the 
determination of solvent acidity. While 4 followed the trend of SA values for the micelles, it 
gave a negative value for TX-100. Both of these probes also showed bad emission.  
Compounds 1, 2, and 3 gave fairly consistent results. None produced negative SA values. 
PRODAN (1), despite being planar, showed smaller changes in the log(Imax/I) but despite having 
a smaller enhancement factors, gave solvent acidity values that agreed were in agreement with 
the other probes. This result may be due to the fact that the enhancement factor calibration curve 
had a very high R
2
-value. More studies on the use of 1 as a probe of solvent acidity need to be 
done in order to confirm its utility. Compound 3 produced reasonable values for solvent acidity 
except for CTAB. The change in the log(Imax/I) values were large and the CMC values were 
fairly accurate. Problems with aggregation affected SA determination. 2 produced a large change 
in the log(Imax/I) values as a result of micelle formation and give reliable CMC value. Overall, 2 
produced the highest quality data in the study and is the most suited for detecting solvent acidity 
in micelles.  
Compounds 1, 4, and 2 all followed the proper trend of solvent acidity while 3 and 5 did 
not. The study showed that 2 was the best probe available. The initial belief that 1 would not be 
as good of a probe and that 3 would be one of the better suited probes still needs to be confirmed 
with further research. The belief that 4 and 5 would not be as good of probes was confirmed; 
however, the theoretical order of which the probes would be best suited was slightly different 
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from 2>3>4>1>5. The results of this study show s that, from best to worst detectors of solvent 
acidity in micelles, the probes follow this trend: 2>1>3>4>5. Based on the resulting trend, there 
is no clear definition as to whether or not the planar or twisted derivatives are better detectors of 
solvent acidity in micelles. As detectors of solvent acidity, the twisted derivatives have the most 
sensitive log((E/A)_max/(E/A)) values relative to changes in solvent acidity; however, the 
twisted geometry was not definitive as to which probes produced the best solvent acidity values. 
2 is overall the best detector among the probes studied. Overall, the study was successful in its 
elucidation of the properties of PRODAN and its derivatives as probes of solvent acidity in 
micelles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
82 
 
References 
1.  Ophardt, Charles E. “Micelles.” Virtual Chembook: Elmhurst College. 2003. 
  <http://www.elmhurst.edu/~chm/vchembook/558micelle.html> 
2. Brad A. Rowe, Carol A. Roach, Joanna Lin, Vincent Asiago, Olga Dmitrenko, Sharon L. 
  Neal.“Spectral Heterogeneity of PRODAN Fluorescence in Isotropic Solvents Revealed 
  by Multivariate Photokinetic Analysis.” The Journal of Physical Chemistry A. 2008. Vol. 
  112, issue 51, pg. 13402-13412. < http://pubs.acs.org/doi/full/10.1021/jp802260y>. 
 
3. Brad A. Rowe, Carol A. Roach, Joanna Lin, Vincent Asiago, Olga Dmitrenko, Sharon L. 
 Neal. “Spectral Heterogeneity of PRODAN Fluorescence in Isotropic Solvents Revealed 
 by Multivariate Photokinetic Analysis.” The Journal of Physical Chemistry A. 2008. Vol. 
 112, issue 51, pg. 13402-13412. < http://pubs.acs.org/doi/full/10.1021/jp802260y>. 
4. Formatted:Italian(Italy) Ewa K. Krasnowska, Enrico Gratton, Tiziana Parasassi. “Prodan as a 
 Membrane Surface Fluorescence Probe: Partitioning between Water and Phospholipid 
 Phases.”Biophysical Journal. 1 April 1998. (Vol. 74, Issue 4, pp. 1984-1993). 
 <http://www.cell.com/biophysj/retrieve/pii/S0006349598779056#>. 
 
5. Formatted:Italian(Italy): Benedetta Mennucci, Marco Caricato, Francesca Ingrosso, Chiara 
 Cappelli, Roberto Cammi, Jacopo Tomasi, Giovanni Scalmani, and, Michael J. Frisch. 
 “How the Environment Controls Absorption and Fluorescence Spectra of PRODAN: A 
 Quantum-Mechanical Study in Homogeneous and Heterogeneous Media.” The Journal of 
 Physical Chemistry B. 2008. Vol. 112, Issue 2, pg. 414-423. 
 <http://pubs.acs.org/doi/full/10.1021/jp076138m>. 
 
6.Renata K. Everett, H. A. Ashley Nguyen, Christopher J. Abelt. “Does PRODAN Possess an O-
 TICT Excited State? Synthesis and Properties of Two Contrained Derviatives.” The 
 Journal of Physical Chemistry A. 2010. Vol. 114, Issue 14, pg. 4946-4950. 
 <http://pubs.acs.org/doi/full/10.1021/jp1002808>. 
 
7.Renata K. Everett, H. A. Ashley Nguyen, Christopher J. Abelt. “Does PRODAN Possess an O-
 TICT Excited State? Synthesis and Properties of Two Contrained Derviatives.” The 
 Journal of Physical Chemistry A. 2010. Vol. 114, Issue 14, pg. 4946-4950. 
 <http://pubs.acs.org/doi/full/10.1021/jp1002808>. 
 
8. Brad A. Rowe, Carol A. Roach, Joanna Lin, Vincent Asiago, Olga Dmitrenko, Sharon L. 
 Neal. “Spectral Heterogeneity of PRODAN Fluorescence in Isotropic Solvents Revealed 
 by Multivariate Photokinetic Analysis.” The Journal of Physical Chemistry A. 2008. Vol. 
 112, issue 51, pg. 13402-13412. < http://pubs.acs.org/doi/full/10.1021/jp802260y>. 
 
9. Herraez, Jose V., Belda, R. “Refractive Indices, Densities and Excess Molar Volumes of 
  Monoalcohols + Water.” Journal of Solution Chemistry. 2006. Vol. 35. Issue. 9. Pg. 
 1315-1328. < http://www.springerlink.com/content/b91623t06g208425/> 
 
83 
 
10. Labowicz, Joseph R. “Principles of Fluorescent Spectroscopy.” The Journal of Biomedicine. 
  2008. Vol. 13. Issue.  2. Pg. 52-53. 
  <http://spiedigitallibrary.org/jbo/resource/1/jbopfo/v13/i2/p029901_s1>.  
 
11.Fawcett, Ronald W. “Solvent Acidity and Basicity in Polar Media and Their Role in 
  Solvation.”  Defense Technical Information Center.1994.Technical Report No. 8. 
  <http://www.dtic.mil/dtic/tr/fulltext/u2/a278604.pdf> 
 
12. Catalan, Javier. “Toward a Generalized Treatment of the Solvent Effect Based on Four 
  Empirical Scales: Dipolarity (SdP, a New Scale), Polarizability (SP), Acidity (SA), and 
 Basicity (SB) of the Medium.” Journal of Physical Chemistry B. 2009. Vol. 113.Issue 
  17. Pg.5951-5960. <http://pubs.acs.org/doi/abs/10.1021/jp8095727> 
 
13. Kamlet, Mortimer J., Abboud, Jose-Luis M., Abraham, Michael H., and Taft, R. W. “Linear 
  Solvation Energy  Relationships. 23. A Comprehensive Collection of the Solvatochromic 
 Parameters, π*, α, and β, and Some  Methods for Simplifying the Generalized  
  Solvatochromic Equation.” Journal of Organic Chemistry. 1983.  Vol. 48 Issue. 17 Pg. 
 2877-2887. < http://pubs.acs.org/doi/abs/10.1021/jo00165a018> 
 
14. Catalan, Javier. “Solvent Acidity: the SA scale.” Universidad Autonoma de Madrid. 2002. 
  <http://pubs.acs.org/doi/abs/10.1021/jo00165a018> 
 
15. Catalan, Javier. “Solvent Acidity: the SA scale.” Universidad Autonoma de Madrid. 2002. 
  <http://pubs.acs.org/doi/abs/10.1021/jo00165a018> 
 
16.Renata K. Everett, H. A. Ashley Nguyen, Christopher J. Abelt. “Does PRODAN Possess an 
  O-TICT Excited State? Synthesis and Properties of Two Contrained Derviatives.” The 
 Journal of Physical Chemistry A. 2010. Vol. 114, Issue 14, pg. 4946-4950. 
 <http://pubs.acs.org/doi/full/10.1021/jp1002808>. 
 
17. “Micelle.” IUPAC Goldbook. IUPAC. Compendium of Chemical Terminology, 2nd ed. (the 
  "Gold Book"). Compiled by A. D. McNaught and A. Wilkinson. Blackwell Scientific 
 Publications, Oxford (1997).  <http://goldbook.iupac.org/M03889.html> 
 
18. “Inverted Micelle.” IUPAC Goldbook. IUPAC. Compendium of Chemical Terminology, 2nd
 ed. (the "Gold Book"). Compiled by A. D. McNaught and A. Wilkinson. Blackwell 
 Scientific Publications, Oxford (1997). <http://goldbook.iupac.org/I03151.html> 
 
19. Maiti, Nakul C., Krishna, M. M. G., Britto, P. J., and Periasamy N. “Fluorescence Dynamics 
  of Dye Probes in Micelles.” Journal of Physical Chemistry B. 1997. Vol. 101. Issue. 51. 
  Pg. 11051-11060. < http://pubs.acs.org/doi/abs/10.1021/jp9723123> 
 
20. Hecht, E. and Hoffman, H. “Interactions of ABA Black Copolymers with Ionic Surfactants in 
 Aqueous Solution.”  Langmuir. 1994. Vol. 10. Issue.1. Pg.86-91. 
 <http://pubs.acs.org/doi/pdf/10.1021/la00013a013> 
 
84 
 
21. De La Maza, Alfonso and Parra, Jose Luis. “Vesicle-micelle structural transition of 
 phosphatidylcholine bilayers and Triton X-100.” Biochemistry Journal. 1994. Vol.303 pt. 
 3. pg. 907-914. 
 <http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1137632/pdf/biochemj00076-0223.pdf> 
 
22. Catalan, Javier. “Pure solvent SPP, SB and SA scales.” Universidad Autonoma de Madrid. 
  2002.  < http://www.uam.es/personal_pdi/ciencias/catalan/table.htm> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
85 
 
Vita 
Zachariah Bach Nealy 
 Zachariah Bach Nealy attended high school in Virginia Beach, VA, at Princess Anne 
High School’s International Baccalaureate Program. When not performing chemistry, he enjoys 
teaching and learning Kung Fu, rock climbing, parkour, tai chi and mediation as well as listening 
to ska music and reading science fiction novels. If there is a problem too big, hold no doubt that 
he caused it and created a solution for it. He went on to attend the College of William and Mary 
in Williamsburg, VA from 2008 to 2012 and will receive a Bachelors of Science in Chemistry in 
May 2012.  
 
